Object The number of citations a publication receives can be used as a surrogate for the impact that article has made on its discipline. This study identifies and characterizes the most cited articles in pediatric neurosurgical journals as of April 2013. Methods We examined four clinical pediatric neurosurgery journals. The 100 most cited articles in the overall literature and the top 50 articles from 2002 to 2012 were examined. The following information was recorded for each article: number of authors, country of origin, citation-count adjusted for number of years in print, topic, and level of evidence. Results The 100 most cited articles appeared in three of the four journals: Child's Brain, Pediatric Neurosurgery and Child's Nervous System. Publication dates ranged from 1975 to 2006; 21 were prospective studies, 64 were retrospective, and 81 were either class 4 evidence (case series, n=70) or review articles (n=11). Citations ranged from 65 to 193 (mean of 90); average adjusted citation count per year was 4.5. The 50 most cited articles from 2002 to 2012 appeared in Child's Nervous System, Pediatric Neurosurgery, and JNS: Pediatrics. Four were prospective studies, 25 were retrospective, and 38 of the total (76 %) were either class 4 evidence (n=24) or review articles (n=14). Citations ranged from 41 to 125 (mean of 54); average adjusted citation count per year was 6.3. Conclusion An original paper in pediatric neurosurgery having a total citation count of 50 or more, and an average citation count of 5 per year or more can be considered a high impact publication.
Introduction
The information age, while providing undeniable benefit to the medical field, has also created a unique set of difficulties for today's researcher. The meteoric rise in biomedical information and resources has often provided too much rather than too little information to answer our questions. PubMed has over 23 million citations, and it is predicted there are well over 50 million scholarly journal articles as of 2009 [1] . The doubling time for the scholarly journal articles is predicted to be 24 years; if this proves true, by the year 2033, there may be over 100 million scholarly journal articles in existence [1] . The study of bibliometrics provides a way to quantitatively analyze the immense volume of biomedical information that is currently available.
Citation analysis is defined as the construction and application of a series of indicators of the impact, influence, or quality of scholarly work, derived from citation data [2] . Citation analysis, first introduced many years ago by Eugene Garfield, can be used as a surrogate for the impact of an individual article or a journal [3, 4] . In principle, the number of citations an individual publication receives can be a quantitative measure of readership and, theoretically, the ability of that article to generate discussion, controversy, change, and further research. Recently, there have been several studies in academic medicine to establish landmark articles within various specialties using citation analysis. This has been done in anesthesiology [5] , critical care [6] , dermatology [7] , emergency medicine [8] , forensic science [9] [10] [11] , ophthalmology [12] , orthopedics [13] , otolaryngology [14] , pediatric orthopedic surgery [15] , plastic surgery [16, 17] , and urology [18, 19] . In 2010, Ponce et al. published the top 100 most cited works in neurosurgery and a list of articles that had 400 or more citations; so-called "citation classics" [20, 21] . There were, however, few articles in which children composed the majority of the patient population. Out of their top 100 list, only five could conceivably be classified under the topic of pediatric neurosurgery: (1) Gardner's seminal publication on the development of syringomyelia (1965) [22] ; (2) the original pathologic description of dysembryoplastic neuroepithelial tumors by Daumas-Duport et al. (1988) [23] ; (3) the randomized trial of chemotherapy for children with medulloblastoma by Evans et al. (1990) [24] ; (4) the treatment of intracranial germ cell tumors by Jennings et al. (1985) [25] ; and (5) the description of shaken-baby syndrome by Duhaime et al. (1987) [26] . The relative lack of representation of pediatric neurosurgery articles is due in part to the influence of adult neurosurgical topics that command much larger audiences, such as oncology, vascular, and trauma. In fact, Ponce et al. did not include a "pediatric" subcategory when classifying their top 100 most cited articles and the "citation classics," but they did include the topic of "CSF" for the latter with a total of four articles. The purpose of this study is to locate and characterize the most highly cited contributions within pediatric neurosurgery journals.
Methods

Journal identification
A search was performed in April 2013 using Thomson Reuters Journal Citation Reports® (JCR) (http://wokinfo.com/products_ tools/analytical/jcr/) for the year 2011. The terms 'pediatrics', 'neurosurgery', 'surgery', 'brain', and 'neurology' were queried using the "Specific Journal Search" function within JCR. Journals that were related to pediatric neurosurgery were identified. Journals that were not directly related to clinical pediatric neurosurgery (i.e., related to basic science research) were excluded.
Citation analysis
A total of four journals were identified from the JCR search: (1) Child's Brain; (2) Child's Nervous System; (3) Journal of Neurosurgery: Pediatrics; and (4) Pediatric Neurosurgery. These journals were then compiled into a single search within Thomson Reuters Web of Science [27] . This search returned a list of all articles (n=9,217) present from these journals in Web of Science (WOS) records. These articles were then sorted in descending order based on citation count. The top 100 most cited articles were extracted from this list for analysis in April 2013. An additional search was performed in June 2013 using the same criteria to identify the top 50 most cited articles over the last 10 years (2002-2012 ). An 'adjusted' citation count or index was calculated for each article by dividing the total number of citations by the years since initial publication. This adjusted citation count can be viewed as the average number of citations that paper has received each year since it was published.
Data
The following information was obtained from each article: number of authors; institution; country of origin; type of research (retrospective or prospective); topic (hydrocephalus, oncology, vascular, trauma, functional/epilepsy/spasticity, congenital spine/ tethered cord, congenital cranial/craniosynostosis/arachnoid cyst, and other); and level of evidence (Levels 1-5 using the Oxford Centre for Evidence-Based Medicine-i.e., OCEBM-2011 Levels of Evidence, Appendix 1, http://www.cebm.net/index. aspx?o=5653, and the accompanying Table of Evidence Glossary) [28]. The abstract or, when necessary, the entire article was read in detail to determine these characteristics and categories.
Results
The top 100 overall most cited works within pediatric neurosurgery are listed in Table 1 . The top 50 most cited works within pediatric neurosurgery over the past decade (2002-2012) are presented in Table 2 .
Top 100 articles
Demographics Three journals provided all the articles in the top 100 list: Child's Brain (39 articles), Pediatric Neurosurgery (33 articles), and Child's Nervous System (28 articles) (Fig. 1a) . Articles were published from 1975 to 2006 with most productive single and 5-year period being 1979 (n=9) and 1994-1999 (n=31), respectively (Fig. 2a) . The number of authors ranged from 1 to 20 with a mean, median, and mode of 4, 4, and 2, respectively. The country of the first author was most frequently the United States (n=51), followed by Canada (n=9) and Japan (n=9) (Fig. 3a) . The institution with the most articles was Northwestern University in Chicago, Illinois (n=5), followed by Hôpital Necker-Enfants Malades in Paris, France with four articles.
Topic of research, study design and level of evidence The most popular topic was oncology (n=28) followed by hydrocephalus (n=23) and vascular (n=12) (Fig. 4a ). There were 21 
Top 50 articles in the last decade (2002-2012)
Demographics Three journals provided all the articles in the top 50 list: Child's Nervous System (38 articles), Pediatric Neurosurgery (11 articles), and Journal of Neurosurgery: Pediatrics (1 article) (Fig. 1b) . The largest number of articles (n=16) were published in 2003 (Fig. 2b) . The number of authors ranged from 1 to 11, with a mean, median, and mode of 4, 5, and 5, respectively. The country of origin of the first author was most frequently the United States (n=18), followed by France (n=6) and Italy (n=5) (Fig. 3b) . The institution with the most articles included in the top 50 was again Northwestern University in Chicago, Illinois (n=5).
Topic of research, study design and level of evidence Hydrocephalus-related research was the most common topic (n=13), then oncology (n=10) and congenital spine (8) (Fig. 4b ). There were four prospective studies and 25 retrospective studies. There was one level 2 article, one level 3, and 24 level 4. The 24 articles that could not be classified were 14 review and ten 'Other' articles: three basic science (overall rank no. 
Our results
Based on citation analysis, an original (i.e., non-review article) pediatric neurosurgery publication will achieve elite status amongst all publications from dedicated pediatric neurosurgery journals (what we term a 'historical classic') if it acquires a total citation count of 100 or more and an adjusted citation count of five or greater. Likewise, an article within the last 10 years will attain similar status if it accrues 50 or more citations and, again, an adjusted citation count of five or greater (what we term a 'contemporary classic'). Citations in pediatric neurosurgery are dwarfed by those in the adult literature. Based on our search, the highest number of citations for a pediatric paper was 193 compared with 1,515 as reported by Ponce et al. in 2010, an almost eightfold difference.
The adjusted citation count produced significant shifts in rank for the top 100 (mean absolute rank change 21±19, range, −55 to +91) and top 50 (mean absolute rank change 11±9; range, −23 to +31) lists. The time-adjusted citation count provides another metric by which to judge the citation history of a paper. It can be viewed as a measure of the paper's 'relevance'. A publication reaching high citation counts more recently will have a higher adjusted citation count than an older publication with the same total number of citations. Therefore, papers with both high total citation and adjusted citation values will likely still retain relevance to a pediatric neurosurgeon's practice. Publications with a high total citation count but low adjusted citation index are more likely of historical interest and may not reflect the current knowledge, controversy, and clinical applications of the topic. Further work could include the creation of a metric that creates a sort of 'heat-index' of an article that would track the number and rate of change of citations over a particular time period, such as a 2-or 5-year window. Such an index could provide the reader a better means of identifying articles that are receiving high attention (i.e., relevance), while removing the historical bias from citation count accumulation over time. Another possible measure of relevance would be the number of times an article is downloaded from a journal's website. This would likely provide the most up-to-date information on what topic(s) are currently generating the greatest interest.
Many of the articles included within this study were clinical, retrospective with regards to data collection, and uncontrolled (meaning there was a lack of identifiable comparison groups). As such, they represent the lowest level of clinical evidence (level 4). If we are to use bibliometrics-of which citation analysis is a part-as a means to analyze an author's publication history and impact, then review articles deserve special mention. Review articles, in general, are typically well-cited, particularly in the first few years of their publication. There were 11 review articles in the top 100 list and 14 in the top 50. Although the creation of a review article is timeconsuming and can be of great interest to the readership by synthesizing and summarizing data on a particular topic, it does not represent original research (although an argument can be made with meta-analyses). As such, the citations obtained by a review article should not be given the same weight as citations given to a publication with an original contribution.
Limitations
Our work has a number of limitations. The first is equating citation count with importance and impact of an article [2] . The citation count may not accurately reflect an article's actual impact on a field in the case of a review article, as previously mentioned [29] . There is time bias with citations. Newer articles that are recognized as having important-even critical-new information that are immediately relevant to one's practice simply may not have had sufficient time to accumulate citations. We have attempted to adjust for this bias by introducing the time-adjusted citation count.
Our method likely missed a number of key articles by searching only journals that are dedicated to pediatric neurosurgery. There are undoubtedly important pediatric neurosurgery articles that were published in journals such as Neurosurgery or Journal of Neurosurgery (before the introduction of the Pediatrics supplement) that we did not include. Also, the accuracy-and thus quality-of citation analysis is dependent on the accuracy and quality of the search engine that is used. Currently, there are three citation databases in existence: Google Scholar, Scopus, and WOS. Google Scholar's database is more inclusive but has multiple inaccuracies and less up-to-date citation information. Scopus database has a wider journal scope but is limited to publications after 1995 compared with WOS, which includes publications since the early 1900s [30] .
Conclusion
Within the limits of citation analysis, we have compiled the top 100 most cited and top 50 most recently cited publications in pediatric neurosurgery. These lists provide a practical guide to users wishing to familiarize themselves with some of the most important studies within pediatric neurosurgery. We have introduced the time-adjusted citation count, which can be viewed as the average number of citations an article receives per year since publication as an attempt to quantify an article's 'relevance'. Based on our analysis, a 'historical classic' is defined as an original paper with 100 or more total citations and an average of five or more citations per year. A 'contemporary classic' is one that has 50 or more citations and an average of five or more citations per year. Such lists should be made available on web sites for ISPN, ASPN, or the Pediatric Section of the AANS/CNS and periodically updated as a means to evaluate the history, evolution, and future direction of research in pediatric neurosurgery. As always, a systematic review is generally better than an individual study Appendix 1
